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MAINTAINING SUBSTANTIALLY 
CONSTANT TRANS-CONDUCTANCE 

WITHOUT SUBSTANTIALLY CHANGING 
POWER CONSUMPTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to integrated circuits (IC), 
and more speci?cally to a method and apparatus for main 
taining substantially constant trans-conductance value (for 
the contained transistors) Without a substantial change in 
poWer consumption in the ICs. 

2. Related Art 

Integrated circuits are often used to implement compo 
nents such as ?lters, ampli?ers, etc. Typical integrated 
circuits are implemented using components such as trans 
conductor circuits, Which are characteriZed by trans 
conductance. Trans-conductance generally is a measure of 
the responsiveness (degree of change) of current at an output 
to a change in the voltage at the input of a trans-conductor 
circuit as is Well knoWn in the relevant arts. 

It is often desirable to maintain the trans-conductance of 
trans-conductor circuit s constant as is Well knoWn in the 
relevant arts. HoWever, trans-conductance often changes 
during operation of integrated circuit due to reasons such as 
surrounding temperature and/or absence of manufacturing 
technology to attain a desired precision. Substantial changes 
in the trans-conductance value may be undesirable at least in 
some environments. Accordingly, it may be desirable to 
change the trans-conductance to revert back close to the 
original value. 

One approach to changing the trans-conductance value of 
the MOS transistors based implementations is to change the 
voltage level Von (Which equals (Vgs-Vt), Wherein Vgs is 
the Gate To Source Voltage & Vt is the threshold voltage of 
the MOS) as is Well knoWn in the relevant arts. HoWever, a 
problem With such an approach is that the electrical poWer 
consumed by the integrated circuit may increase substan 
tially. Such increases in poWer consumption may be unde 
sirable in many environments. 

What is therefore required is, method and apparatus for 
controlling poWer in integrated circuits based on trans 
conductor circuits. 

SUMMARY OF THE INVENTION 

The present invention alloWs a substantially constant 
trans-conductance value to be maintained associated With a 
trans-conductor circuit Without a substantial increase in the 
electric poWer consumed by an integrated circuit containing 
the trans-conductor circuit. In an embodiment, the trans 
conductor circuit is implemented using metal-oxide 
semiconductor (MOS) transistors in Which the trans 
conductance value is given by the equation: 

Gm=,u"‘C0X"W/L*VmV Equation (1) 

Wherein ‘Gm’ represents the trans-conductance value, ‘p’ 
represents the mobility of holes/electrons in the tran 
sistor used to implement a trans-conductor circuit, 
‘COX’ represents the channel capacitance per unit area 
of the transistor, ‘W’ represents the Width of the 
transistor, ‘L’ represents the length of the transistor, and 
* represents a multiplication operation. 
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2 
VON in turn may be represented by the folloWing equa 

tion: 

VON=V1—V3—VT Equation (2) 

Wherein ‘V1’ represents the voltage level at the gate 
terminal of the MOS transistor, ‘V3’ represents the 
voltage level at the source terminal of the MOS 
transistor, and VT is a threshold voltage of the MOS 
transistor. 

The trans-conductance of a trans-conductor circuit (“main 
trans-conductor circuit”) may decrease (change in general) 
When external factors such as temperature increases. The 
trans-conductance value may be increased to its original 
value by increasing ‘VON’. The electrical current ?oWing 
may also increase according to the folloWing equation: 

Electrical Current=K*W/L*V0n2, Wherein K=,u*COX Equation (3) 

The increase in current leads to an increase in electrical 
poWer and may thus be undesirable. It may be noted that the 
poWer consumption increases proportionate to a square of 
Von. 

According to an aspect of the present invention, an 
amount of current ?oWing in the circuit is compared With a 
reference current to determine Whether the amount of cur 
rent eXceeds the reference current. The comparison is per 
formed using an analog form of the reference current and the 
current in said integrated circuit. 
Due to the comparison in analog form, an integrated 

circuit may be implemented using a feWer components. 
Usage of feWer components generally results in loWer poWer 
consumption and loWer noise. 

If the current in the integrated circuit eXceeds the refer 
ence current, an additional trans-conductor circuit is added 
Which effectively increases the W/L of the MOS and hence 
the trans-conductance can be kept constant Without changing 
Von. Von can then potentially be reduced (tuned) to attain a 
constant trans-conductance value. 

Thus, in effect, a constant value of trans-conductance can 
be attained by increasing W/L instead of increasing Von. As 
the poWer consumption is proportionate to the square of 
Von, minimiZing Von generally leads to substantial reduc 
tion in poWer consumption. 

In an embodiment, the determination of Whether the 
trans-conductance value has changed (Warranting sWitching 
on of the additional trans-conductor circuit) is performed 
using one more trans-conductor circuit (“replica trans 
conductor circuit”), Which is implemented to have similar 
characteristics (“transfer function” in terms of converting 
voltage to current) as the operational trans-conductor 
circuit(s). 
The replica trans-conductor may be operated using a DC. 

voltage to determine Whether the trans-conductance value 
has changed. Based on the determination in the replica 
trans-conductor circuit, the another trans-conductor circuit 
may be sWitched on/off. 

Further features and advantages of the invention, as Well 
as the structure and operation of various embodiments of the 
invention, are described in detail beloW With reference to the 
accompanying draWings. In the draWings, like reference 
numbers generally indicate identical, functionally similar, 
and/or structurally similar elements. The draWing in Which 
an element ?rst appears is indicated by the leftmost digit(s) 
in the corresponding reference number. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be described With reference to 
the accompanying draWings, Wherein: 
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FIG. 1 is a circuit diagram illustrating the details of an 
example device in Which the present invention may be 
implemented; 

FIG. 2 is a ?owchart illustrating a method in accordance 
With an aspect of the present invention; 

FIG. 3 is a block diagram illustrating the details of an 
embodiment of a circuit implemented in accordance With an 
aspect of the present invention; 

FIG. 4 is a circuit diagram illustrating in further detail an 
embodiment of the present invention; and 

FIG. 5 is a circuit diagram illustrating an embodiment of 
a comparison circuit in an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

1. OvervieW and Discussion of the Invention 

An aspect of the present invention alloWs maintaining a 
substantially constant trans-conductance value in trans 
conductor circuits based integrated circuits, While poten 
tially preventing substantial increases in the consumption of 
electrical poWer. In general, When the trans-conductance 
value decreases (due to factors such as temperature 
increase), substantially constant trans-conductance may be 
achieved by increasing the voltage Von of a trans-conductor 
circuit (“main trans-conductor circuit”). 

The resulting increase in poWer consumption can be 
countered by activating additional trans-conductor circuits 
to be coupled operationally to the main trans-conductor 
circuit, Which increases the effective trans-conductance of 
the tWo trans-conductors together. The voltage Von can then 
be decreased (tuned) to attain an acceptable desired trans 
conductance, Which in turn decrease the total poWer con 
sumption. As the total poWer consumed is proportionate to 
the square of Von, substantial reductions in poWer consump 
tion may be attained. 

Several aspects of the invention are described beloW With 
reference to example systems for illustration. It should be 
understood that numerous speci?c details, relationships, and 
methods are set forth to provide a full understanding of the 
invention. One skilled in the relevant art, hoWever, Will 
readily recogniZe that the invention can be practiced Without 
one or more of the speci?c details, or With other methods, 
etc. In other instances, Well-known structures or operations 
are not shoWn in detail to avoid obscuring the invention. 

2. Example System 

FIG. 1 is a block diagram of receiver system 100 illus 
trating an example system in Which the present invention 
may be implemented. For illustration, it is assumed that 
receiver system 100 is implemented Within a Global Posi 
tioning System Receiver. HoWever, receiver system 100 can 
be implemented in other devices (e.g., mobile phone, etc.) 
Which generally require loW poWer consumption. 

Receiver system 100 is shoWn containing antenna 101, 
?lter 110, loW noise ampli?ers (LNA) 120 and 140, band 
pass ?lter 130, mixer 150, automatic gain controller 160, 
?lter circuit 170, ampli?er 180, analog to digital converter 
(ADC) 190, and processing unit 195. Each component is 
described in further detail beloW. 

Antenna 101 may receive various signals transmitted 
from satellites, etc. The received signals may be provided to 
?lter 110. Filter 110 may perform a corresponding transfer 
function to generate signals of the frequencies of interest. 
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4 
The generated signals are provided to LNA 120. Antenna 
101 and ?lter 110 may be implemented in a knoWn Way. 

LNA 120 ampli?es the signals received on line 112 to 
generate a corresponding ampli?ed signal on line 123. Band 
pass ?lter (BPF) 130 may ?lter the ampli?ed signal to 
remove any noise components that may be present. The 
?ltered signal thus generated may be provided to LNA 140. 
LNA 140 may again amplify the ?ltered signals and provide 
the ampli?ed ?ltered signal to mixer 150. LNAs 120 and 
140, and BPF 130 may also be implemented in a knoWn Way. 

Mixer 150 may be used to convert a high frequency signal 
to a signal having any desired frequency. In an embodiment, 
a signal of frequency 1575 MHZ is converted to a 4 MhZ 
signal. Mixer 150 may receive ?ltered ampli?ed signal and 
a signal of ?xed frequency as inputs. The signal (on path 
151) of ?xed frequency may be generated by a phase locked 
loop (not shoWn) in a knoWn Way. 

Automatic gain control (AGC) 160 may be used to 
amplify or attenuate the signal (from mixer 150) according 
to various requirements. For example, if a user using a 
mobile phone is in an area Where the signals received are of 
loW strength, and AGC 160 ampli?es the signal accordingly. 
Similarly, if the user moves to an area Where the signal 
strength is relatively higher, AGC 160 may attenuate the 
signal. 

Filter circuit 170 may remove any noise components 
present in the signal received on line 167 to generate a 
?ltered signal. The ?ltered signal may be provided to 
ampli?er 180. Ampli?er 180 may further amplify the signal 
received on line 178 to generate an ampli?ed signal. The 
ampli?ed signal may be provided to analog to digital con 
verter (ADC)190. It may be noted that all the above com 
ponents of FIG. I operate on signals that are analog in 
nature. 

ADC 190 converts the analog signal received on line 189 
to a corresponding digital signal. The digital signal on line 
192 may then be provided to processing unit 195 for further 
processing. In general, loW noise ampli?ers and ?lters used 
in receiver system 100 may be implemented using transis 
tors. As described in the above sections, it is desirable to 
maintain a constant trans-conductance value for the trans 
conductor circuits Without at least substantially increasing 
the electrical poWer consumption in the integrated circuits. 
The basic relationship betWeen electrical poWer and trans 
conductance value is described beloW in further detail. 

3. Relationship BetWeen Trans-conductance and 
Electrical PoWer 

Trans-conductance value of a trans-conductor circuit may 
be determined by using the folloWing equation: 

Gm=,u"‘C0X"W/L*VmV Equation (1) 

Wherein ‘Gm’ represents the trans-conductance value, ‘p’ 
represents the mobility of holes/electrons in a transistor 
used to implement a trans-conductor circuit, ‘COX’ 
represents the channel capacitance per unit area of the 
transistor, ‘W’ represents the Width of the transistor, ‘L’ 
represents the length of the transistor, and * represents 
a multiplication operation. VON in turn may be repre 
sented by the folloWing equation: 

VON=V1—V3—VT Equation (2) 

Wherein ‘V1’ represents the voltage level at the gate 
terminal of the MOS transistor, ‘V3’ represents the 
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voltage level at the drain terminal of the MOS 
transistor, and VT is a threshold voltage of the MOS 
transistor. 

As described in the above sections, the trans-conductance 
of a circuit may decrease (change in general) When external 
factors such as temperature increases. One Way to increase 
the trans-conductance value is by increasing ‘VON’ as may 
be appreciated by examining Equation 

One problem With increasing ‘VON’ is that the electrical 
poWer consumed by the MOS transistor also increases as 
Will be apparent from the folloWing equation: 

Electrical Current=K"‘V0N2 Equation (3) 

Wherein ‘K’ represents the result of ‘p’kCoX’kW/L’ in 
Equation Thus, by increasing VON, the electrical 
poWer consumption of the trans-conductor circuit (and 
thus the integrated circuit containing the transistor) also 
increases. The manner in Which the poWer consumption 
may be reduced is described With examples beloW. 

4. Method 

FIG. 2 is a flow chart illustrating the manner in Which the 
electrical poWer consumed by integrated circuits using trans 
conductors may be reduced according to an aspect of the 
present invention. The method begins in step 201 in Which 
control immediately passes to step 210. 

In step 210, an additional trans-conductor may be coupled 
to a main trans-conductor Within an integrated circuit. One 
of the tWo trans-conductors may be used in all con?gura 
tions of the operation of the integrated circuit. For 
illustration, it is assumed that the main trans-conductor is 
used alWays. 

In step 220, assuming for illustration that the trans 
conductance value has decreased for reasons such as heat 
generated by the operation of the integrated circuit, the 
voltage Von may be increased to increase the trans 
conductance value. The voltage may be increased in a 
knoWn Way. 

In step 230, a determination is made as to Whether the 
current ?oWing in the main trans-conductor circuit exceeds 
a reference current. The determination is made by compar 
ing the tWo currents in analog form (domain). In an 
embodiment, a third trans-conductor circuit may be used to 
determine the reference current in the main trans-conductor 
circuit. 

In step 260, a decision is made according to the compari 
son result of step 230. If the current ?oWing in the main 
trans-conductor circuit is more, control passes to step 270, 
else control passes to step 250. In step 270, the additional 
trans-conductor circuit is sWitched on so that the dimension 
of the effective trans-conductor circuit area Within the inte 
grated circuit increases. By increasing the dimensions of the 
effective trans-conductor circuit, the trans-conductance 
value of the integrated circuit increases. 

In step 280, Von can again be decreased again if the 
trans-conducatance can be maintained Within acceptable 
limits. As the poWer consumed by integrated circuits is 
proportionate to the square of voltage Von, reduction in Von 
can lead to substantial reduction in the electrical poWer 
consumed by the integrated circuits. 

Thus, by increasing the effective trans-conductance 
(conductor) area, an aspect of the present invention enables 
one to maintain substantially constant Gm Without increas 
ing the overall electric poWer consumption. The description 
is continued With reference to an example circuit imple 
mented in accordance With an aspect of the present inven 
tion. 
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5. Example Circuit 

FIG. 3 is a block diagram illustrating the details of an 
example circuit 300 implemented in accordance With the 
present invention. Circuit 300 may be used to implement, for 
example, one or more of LPF 170 and AMP 180 of FIG. 1. 
Circuit 300 is shoWn containing main trans-conductor circuit 
310, replica trans-conductor circuit 320, tuning circuit 330, 
poWer control block 370 additional trans-conductor circuit 
340, and sWitch block 360. Each component is described in 
further detail beloW. 

Main trans-conductor circuit 310 may receive input signal 
With a voltage level of Vin and generate a corresponding 
output current. In an embodiment, main trans-conductor 
circuit 310 is implemented using PMOS transistors. 

Additional trans-conductor circuit 340 may be coupled to 
differential trans-conductor circuit 310 When sWitch block 
360 is turned on. By coupling additional trans-conductor 
circuit 340 to main trans-conductor circuit 310, the effective 
area increases (‘W/L’ of Equation (1)), thereby increasing 
the trans-conductance of differential trans-conductor circuit 
310 as noted in equation 

Replica trans-conductor circuit 320 generates a current 
level representing the current level generated by main trans 
conductor circuit 310 (together With additional trans 
conductor circuit 340 if connected) for a similar voltage 
input. To achieve such a feature, replica trans-conductor 
circuit 320 may have similar characteristics (transfer func 
tion in converting voltage to current) as the activated trans 
conductor circuits. 

That is, When sWitch 360 is on/closed, replica trans 
conductor circuit 320 operates similar to the combined 
trans-conductor circuits 310 and 340, and to just trans 
conductor circuit 310 When sWitch 360 is off/open. The 
similar characteristics may be attained by using a similar 
layout and topology for replica trans-conductor circuit 320 
as main trans-conductor circuit 310 and additional trans 
conductor circuit 340. 

Tuning circuit 330 determines Whether to change the 
voltage Von to maintain a substantially constant trans 
conductance value, and applies Von on the trans-conductor 
circuits accordingly. The determination may be performed 
periodically by applying a constant voltage to replica trans 
conductor circuit 320, and examining the output current of 
the circuit. The determination may also be performed in any 
other knoWn Way. 

Tuning circuit 330 changes the voltage Von across main 
trans-conductor circuit 310 according to the above determi 
nation. The voltage change is effected on replica trans 
conductor circuit 320 as Well. Thus, in operation, tuning 
circuit 330 may ?rst cause the voltage Von to be gradually 
increased (if the trans-conductance of the main trans 
conductor circuit is gradually decreasing) causing the addi 
tional trans-conductor circuit to be sWitched on. Tuning 
circuit 330 may then cause Von to be gradually decreased to 
attain a desired Gm, Which in turn prevents the block from 
operating at high poWer level. 
PoWer control block 370 may compare the current ?oWing 

on path 331 With a reference current on path 332. The 
current on path 331 may be generated by applying a pre 
speci?ed voltage as input to replica trans-conductor circuit 
320. If the current on path 331 is more than the reference 
current on path 332, poWer control block 370 may turn on 
sWitch block 360 to activate additional trans-conductor 
circuit 340. The reference current is determined according to 
the poWer consumption levels at Which it may be desirable 
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to add additional trans-conductor circuit 340 and may be 
determined Without undue experimentation as Will be appar 
ent to one skilled in the relevant arts. The poWer control 
block has a Hysteresis, Which prevents the control voltage 
[going to the sWitch 360] from oscillating due to small 
changes in temperature. 

SWitch block 360 is turned on When the current in 
differential trans-conductor circuit 310 exceeds the refer 
ence current on path 332. When sWitch block 360 is turned 
on, additional trans-conductor circuit 340 may be coupled to 
differential trans-conductor circuit 310. The poWer con 
sumption in integrated circuit 300 decreases as a result. 

Thus, using the above approach, the trans-conductance of 
a circuit may be increased Without substantially increasing 
the electrical poWer consumed. The description is continued 
With reference to the manner in Which above circuit may be 
implemented. 

6. Circuit Implementation 

FIG. 4 is a circuit diagram illustrating the details of 
implementation of an embodiment of circuit 300 of FIG. 3. 
FIG. 4 is shoWn containing nMOS transistors 410-A, 410-B, 
421, 422, 431, 450-A, 450-B, 460-A, and 460-B, pMOS 
transistors 411-A and 411-B, capacitors 413 and 414, tuning 
circuit 330 and poWer control 370. Each component is 
described in further detail beloW. 

nMOS transistors 410-A and 410-B together form main 
trans-conductor circuit 310 processing differential signals. 
The positive input signal is provided to gate terminal 409-A 
of nMOS transistor 410-A and negative input signal is 
provided to gate terminal 409-B of nMOS transistor 410-B. 
The output signal is generated across capacitors 413 and 
414. PMOS transistors 411-A and 411-B are used to bias 
nMOS transistors 410-A and 410-B. 

nMOS transistors 450-A and 450-B together form addi 
tional trans-conductor circuit 340, Which are activated When 
nMOS transistor 460-A (Which forms sWitch 360) is turned 
on. nMOS transistors 421 and 422 together form replica 
trans-conductor circuit 320. nMOS transistors 421 and 422 
respectively mirror the additional and main trans-conductor 
circuits. 

Tuning circuit 330 determines Whether to increase 
(change) the trans-conductance value of the main trans 
conductor circuit by interfacing With nMOS transistors 421 
and 422. The determination may be performed in a knoWn 
Way. 

In addition, tuning circuit 330 sends on path 331 an 
amount of current proportionate to the current that Would be 
?oWing in main trans-conductor circuit. The amount of 
current sent is determined again by interfacing With nMOS 
transistors 421 and 422. Apre-speci?ed voltage may applied 
as an input to the replica trans-conductor circuit, and the 
resulting current may be sent on path 331 as noted above. 

PoWer control 370 compares the current on path 331 With 
a reference current received on path 332 and generates a 
logical value on path 461 re?ecting the result of the com 
parison. If the current on path 331 is more, then nMOS 
transistors 460-A and 460-B may be turned on due to the 
logical level on path 461. PoWer control 370 contains a 
comparator circuit to perform the comparison operation. 
Thus, it may be appreciated that the circuit of FIG. 3 
maintains a substantially constant trans-conductance value 
Without a substantial increase in poWer consumption. 

While only one trans-conductor circuit is described as 
being added, it should be understood that multiple trans 
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8 
conductor circuits may be designed to be added at different 
levels of poWer consumption. Replica trans-conductor cir 
cuit 320, tuning circuit 330 and poWer control 370 Will need 
to be designed accordingly. The implementation of such 
alternative embodiments Will be apparent to one skilled in 
the relevant arts based on the disclosure provided herein, and 
such alternative embodiments are contemplated to be Within 
the scope and spirit of the present invention. The description 
is continued With reference to the manner in Which an 
embodiment of poWer control 370 may be implemented. 

7. PoWer Control 

FIG. 5 is a circuit diagram illustrating the implementation 
of an embodiment of poWer control 370. PoWer control 370 
is shoWn containing nMOS transistors 510 through 518, 
pMOS transistors 520 through 527, resistors 505 and 506, 
and NOT gates (invertors) 530 and 540. Reference current 
on path 332 is shoWn provided to the drain terminal of 
nMOS transistor 510. The current generated by tuning 
circuit 330 (on path 331) is shoWn provided to nMOS 
transistor 518. 

Transistors 521 and 516 compare the tWo input currents, 
and generate a result on path 553. Invertors 530 and 540 
invert the result, and provide the ?nal output on path 461. 
The remaining components of poWer control 370 implement 
hysterysis as Will be apparent to one skilled relevant in the 
arts. Due to the implementation of hysterysis, the output on 
path 461 may not sWing to different logical level in response 
to short ?uctuations in the differences of the tWo input 
currents. 

8. Conclusion 

While various embodiments of the present invention have 
been described above, it should be understood that they have 
been presented by Way of example only, and not limitation. 
Thus, the breadth and scope of the present invention should 
not be limited by any of the above described exemplary 
embodiments, but should be de?ned only in accordance With 
the folloWing claims and their equivalents. 
What is claimed is: 
1. A method of maintaining substantially constant trans 

conductance Without substantially changing poWer con 
sumption in an integrated circuit, said method comprising: 

increasing a voltage level associated With a main trans 
conductor circuit contained in said integrated circuit to 
maintain said substantially constant trans-conductance, 
Wherein said increasing causes said integrated circuit to 
consume more poWer; 

comparing an amount of current in said integrated circuit 
With a reference current to determine Whether said 
amount of current exceeds said reference current, 
Wherein said comparing is performed on an analog 
form of said reference current and said current in said 
integrated circuit; and 

adding an additional trans-conductor circuit if said 
amount of current exceeds said reference current, 
Wherein said adding reduces poWer consumed by said 
integrated circuit. 

2. The method of claim 1, further comprising decreasing 
said voltage level after said adding, Wherein said decreasing 
causes further reduction in poWer consumed by said inte 
grated circuit. 

3. The method of claim 2, Wherein said amount of current 
is generated by a replica trans-conductor circuit having a 
transfer characteristic similar to that of said main trans 
conductor circuit, Wherein said increasing increases said 
voltage level associated With said replica trans-conductor 
circuit also. 
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4. The method of claim 3, further comprising: 
computing a trans-conductance value of said replica trans 

conductor circuit; and 
performing said increasing if said trans-conductance 

value eXceeds a pre-speci?ed value. 
5. The method of claim 4, Wherein said trans-conductor 

circuit is implemented using a MOS transistor, and said 
voltage comprises Von Which equals (V1—V3—VT), Wherein 
‘V1’ represents the voltage level at the gate terminal of the 
MOS transistor, ‘V3’ represents the voltage level at the drain 
terminal of the MOS transistor, and VT is a threshold voltage 
of the MOS transistor. 

6. The method of claim 5, Wherein said trans-conductance 
value equals (11* COX*W/L*VON),‘p’ represents the mobility 
of holes/electrons in said MOS transistor, ‘COX’ represents 
the channel capacitance of the transistor, ‘W’ represents the 
Width of the MOS transistor, ‘L’ represents the length of the 
transistor, and * represents a multiplication operation, and 
Wherein the poWer consumed by said trans-conductor circuit 
equals (/1*COX*W/L*Von2). 

7. An integrated circuit comprising: 
a main trans-conductor circuit having a trans 

conductance; 
means for increasing a voltage level associated With said 

main trans-conductor circuit to maintain said substan 
tially constant trans-conductance, Wherein said increas 
ing causes said integrated circuit to consume more 
poWer; 

means for comparing an amount of current in said inte 
grated circuit With a reference current to determine 
Whether said amount of current eXceeds said reference 
current, Wherein said comparing is performed on an 
analog form of said reference current and said current 
in said integrated circuit; and 

means for adding an additional trans-conductor circuit if 
said amount of current eXceeds said reference current, 
Wherein said adding reduces poWer consumed by said 
integrated circuit. 

8. The integrated circuit of claim 7, further comprising 
means for decreasing said voltage level after said adding, 
Wherein said decreasing causes further reduction in poWer 
consumed by said integrated circuit. 

9. The integrated circuit of claim 8, Wherein said amount 
of current is generated by a replica trans-conductor circuit 
having a transfer characteristic similar to that of said main 
trans-conductor circuit, Wherein said means for increasing 
increases said voltage level associated With said replica 
trans-conductor circuit also. 

10. The integrated circuit of claim 9, further comprising: 
means for computing a trans-conductance value of said 

replica trans-conductor circuit; 
means for performing said increasing if said trans 

conductance value exceeds a pre-speci?ed value. 
11. The integrated circuit of claim 10, Wherein said 

trans-conductor circuit is implemented using a MOS 
transistor, and said voltage comprises Von Which equals 
(V1—V3 —VT), Wherein ‘V1’ represents the voltage level at 
the gate terminal of the MOS transistor, ‘V3’ represents the 
voltage level at the drain terminal of the MOS transistor, and 
VT is a threshold voltage of the MOS transistor, 

Wherein said trans-conductance value equals (/1*COX*W/ 
L*VON),‘M’ represents the mobility of holes/electrons 
in said MOS transistor, ‘COX’ represents the channel 
capacitance of the transistor, ‘W’ represents the Width 
of the MOS transistor, ‘L’ represents the length of the 
transistor, and * represents a multiplication operation, 
and 
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Wherein the poWer consumed by said trans-conductor 

circuit equals (11* COX*W/L*Von2). 
12. An integrated circuit comprising: 
a main trans-conductor circuit receiving an input signal 

and generating an output signal; 
an additional trans-conductor circuit; 
a tuning circuit increasing a voltage associated With said 

main trans-conductor circuit causing said integrated 
circuit to consume more poWer; 

a comparator circuit comparing an amount of current in 
said integrated circuit With a reference current to deter 
mine Whether said amount of current eXceeds said 
reference current, Wherein said comparator circuit per 
forms said comparing in an analog form of said refer 
ence current and said current; and 

a sWitch, responsive to the comparing of said comparator, 
connecting said additional trans-conductor circuit to 
said main trans-conductor circuit to reduce poWer con 
sumed by said integrated circuit. 

13. The integrated circuit of claim 12, Wherein said tuning 
circuit decreases said voltage level after said adding, 
Wherein said decreasing causes further reduction in poWer 
consumed by said integrated circuit. 

14. The integrated circuit of claim 13, further comprising: 
a replica trans-conductor circuit having a transfer char 

acteristic similar to that of said main trans-conductor 
circuit, Wherein said tuning circuit computes a trans 
conductance value of said replica trans-conductor cir 
cuit and increases said voltage if said trans 
conductance value is loWer than a pre-speci?ed value. 

15. The integrated circuit of claim 14, Wherein said tuning 
circuit increases said voltage level associated With said 
replica trans-conductor circuit also if said voltage level is 
increased for said main trans-conductor circuit. 

16. The integrated circuit of claim 15, Wherein said 
trans-conductor circuit is implemented using a MOS 
transistor, and said voltage comprises Von Which equals 
(V1—V3—VT), Wherein ‘V1’ represents the voltage level at 
the gate terminal of the MOS transistor, ‘V3’ represents the 
voltage level at the drain terminal of the MOS transistor, and 
VT is a threshold voltage of the MOS transistor. 

17. The integrated circuit of claim 16, Wherein said 
trans-conductance value equals (/1*COX*W/L*VON), ‘p’ rep 
resents the mobility of holes/electrons in said MOS 
transistor, ‘COX’ represents the channel capacitance of the 
transistor, ‘W’ represents the Width of the MOS transistor, 
‘L’ represents the length of the transistor, and * represents a 
multiplication operation. 

18. The integrated circuit of claim 17, Wherein the poWer 
consumed by said trans-conductor circuit equals 
(11*COX*W/L*Von2). 

19. A device comprising: 
an integrated circuit comprising: 

a main trans-conductor circuit receiving an input signal 
and generating an output signal; 

an additional trans-conductor circuit; 
a tuning circuit increasing a voltage associated With 

said main trans-conductor circuit causing said inte 
grated circuit to consume more poWer; 

a comparator circuit comparing an amount of current in 
said integrated circuit With a reference current to 
determine Whether said amount of current exceeds 
said reference current, Wherein said comparing is 
performed in an analog form of said reference cur 
rent and said current; and 

a sWitch, responsive to the comparing of said 
comparator, connecting said additional trans 
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conductor circuit to said main trans-conductor circuit 
to reduce power consumed by said integrated circuit. 

20. The device of claim 19, further comprising: 
an antenna receiving an external signal, Wherein said 

input is generated based on said external signal; 
a ?lter circuit comprising said integrated circuit, and 

generating said output; 
an analog to digital converter converting said output to a 

plurality of digital samples; and 
a processing unit processing said plurality of digital 

samples. 
21. The invention of claim 20, Wherein said device 

comprises one of a mobile phone and a global positioning 
system receiver. 

22. The device of claim 19, Wherein said tuning circuit 
decreases said voltage level after said adding, Wherein said 
decreasing causes further reduction in poWer consumed by 
said integrated circuit. 

23. The device of claim 22, further comprising: 
a replica trans-conductor circuit having a transfer char 

acteristic similar to that of said main trans-conductor 
circuit, Wherein said tuning circuit computes a trans 
conductance value of said replica trans-conductor cir 
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cuit and increases said voltage if said trans 
conductance value is loWer than a pre-speci?ed value. 

24. The device of claim 23, Wherein said tuning circuit 
increases said voltage level associated With said replica 
trans-conductor circuit also if said voltage level is increased 
for said main trans-conductor circuit. 

25. The device of claim 23, Wherein said trans-conductor 
circuit is implemented using a MOS transistor, and said 
voltage comprises Von Which equals (V1—V3—VT), Wherein 
‘V1’ represents the voltage level at the gate terminal of the 
MOS transistor, ‘V3’ represents the voltage level at the drain 
terminal of the MOS transistor, and VT is a threshold voltage 
of the MOS transistor. 

26. The device of claim 24, Wherein said trans 
conductance value equals (11* COX*W/L*VON), ‘p’ repre 
sents the mobility of holes/electrons in said MOS transistor, 
‘COX’ represents the channel capacitance of the transistor, 
‘W’ represents the Width of the MOS transistor, ‘L’ repre 
sents the length of the transistor, and * represents a multi 
plication operation. 

27. The device of claim 25, Wherein the poWer consumed 
by said trans-conductor circuit equals (u*COX*W/L*Von2). 

* * * * * 


